In this paper we introduce two new species of Amniculicola, i.e., A. immersa and A. parva based on both morphological and phylogenetic characters. The close phylogenetic association of Amniculicola to several freshwater anamorphic fungi is also discussed.
MATERIALS And METHodS

Sample collection and specimen examination
Fresh fungal specimens were collected on submerged wood in Denmark and France in 2006 and 2007 by J. Fournier, and returned to the laboratory in plastic bags for study. Ascomata were visible on the natural wood without prior incubation. Samples were processed and examined following the method described in Tsui et al. (2000) . Observations and photographs were prepared from material mounted in water, Cotton blue or Indian ink. Other cultures used in this study were obtained from the Centraalbureau voor Schimmelcultures in the Netherlands (CBS). Newly obtained nucleotide sequences were deposited in GenBank.
Fungal isolates and DNA extraction
Isolates were grown on potato-dextrose agar (PDA) and malt extract agar (MEA) (Crous et al. 2009 ) and total genomic DNA was extracted from mycelia following the protocols as outlined by Cai et al. (2006) and Shenoy et al. (2007) . The Forensic Kit (UltraClean™ Forensic Kit, Cambio) was used to directly extract DNA from specimens.
DNA amplification and sequencing
DNA amplification was performed by PCR. For partial large subunit (28S) rDNA amplification, LROR and LR5 primers (Vilgalys & Hester 1990) were used. Amplification reactions were performed in a 50 μL reaction volume as outlined by Shenoy et al. (2007) . The purified PCR products were sequenced using the above mentioned primers in an Applied Biosystem 3730 DNA analyser at the Genome Research Centre of the University of Hong Kong.
Sequence alignment and phylogenetic analyses
Sequences generated from different primers were analysed with other sequences obtained from the GenBank. A Blast search was performed to find the possible sister groups of the two new species. In addition, fungal members from different families of the Pleosporales were also included in the analyses. Multiple alignment was done in BioEdit (Hall 2005) and Clustal X (Thompson et al. 1997 ) and analyses were performed in PAUP v4.0b10 (Swofford 2002) . Prior to phylogenetic analysis, ambiguous sequences at the start and the end were deleted and gaps manually adjusted to optimise alignment. Maximum Parsimony (MP) was conducted using heuristic searches as im- plemented in PAUP, with the default options method. Analyses were done under different parameters of maximum parsimony criteria as outlined in Zhang et al. (2008a) . Clade stability was assessed in a bootstrap analysis with 1 000 replicates, random sequence additions with maxtrees set to 1 000 and other default parameters as implemented in PAUP. Trees were viewed in Treeview (Page 1996) . The terminal taxa of the phylogenetic tree were colour coded following Zhang et al. (2008a) . Ascomata 280 -400(-450) µm alta × 300 -420(-500) µm diam, globosa vel subglobosa, nigra, solitaria vel dispergere, erumpent. Peridium 45 -65 µm crassum, bitapetum. Trabeculae 1-1.8 µm latae, hyalinae, gelatine circumdatae. Asci 150 -180 × 13 -18 μm, 8-spori, cylindrico-fusiformis, fissitunicati, pedicellati. Ascosporae 27-31(-36) × 7.5 -8.5(-10) µm, uniseriatae, fusiformes, hyalinae, tunica gelatinosa praeditae. Ascomata 280-400(-450) µm high × 300-420(-500) µm diam, solitary, scattered, or in small groups of 2 -3, mostly immersed (immersion > 1/2) with a bluntly rounded apex slightly raised above host surface, coriaceous, appearing broadly ellipsoid from above, 120 -170 µm long × 80 -120 µm broad, globose to subglobose, black, roughened, apex with a inconspicuous slit-like ostiole, oriented in the axis of the wood fibres; underlying wood stained pale purple (Fig. 1a, b) . Peridium 45-65 µm thick laterally, 30 -35 µm thick at base, 80 -100 µm thick at the apex, 2-layered, outer layer composed of small, heavily pigmented, thick-walled cells of textura angularis, cells 4-7 µm diam, cell wall 2 -3 µm thick, cells at apex smaller and walls thicker, inner layer composed of hyaline thin-walled cells of textura angularis, 8-12 µm diam ( Fig. 2a-c) . Hamathecium of dense, very long trabeculate pseudoparaphyses, 1-1.8 µm broad, embedded in mucilage, anastomosing between and above the asci (Fig. 1c) . Asci 150-180 × 13-18 µm (av. = 162.5 × 15.5 µm, n = 10), mostly 8-spored, rarely 4-or 6-spored, bitunicate, fissitunicate, cylindrical to narrowly fusiform, with a short, narrowed, twisted, bifurcate pedicel which is 15-20 µm long, with a truncate ocular chamber (Fig. 1d, e) . Ascospores 27-31(-36) × 7.5-8.5(-10) µm (av. = 31.3 × 8.2 µm, n = 10), obliquely uniseriate and partially overlapping, broadly fusiform to fusiform with narrowly rounded ends, hyaline, 1-3-septate, deeply constricted at the median septum, the upper cell often longer and broader than the lower one, smooth, surrounded by an hyaline gelatinous sheath, 4 -6 µm thick, visible in water and Indian ink, senescent ascospores have a pale brown verrucose wall (Fig. 1f, g ). Cultural characteristics -Colonies reaching 5 cm diam after 20 d growth on PDA at 25 °C, flat, with irregular to rhizoidal margin, white, reverse off-white to straw-yellow to orange-brown, the medium is stained straw-yellow after 2 mo. Ascomata 260 -380 µm high × 260 -360 µm diam, solitary to gregarious, superficial, coriaceous, with basal wall remaining immersed in host tissue, subglobose, broadly or narrowly conical, often laterally flattened, with a flattened base not easily removed from the substrate, black, with tubercules, often bearing remnants of wood fibres, the underlying wood occasionally stained purple; broadly round apex with a slit-like ostiole, 110 -150 µm long (Fig. 3a -c) . Peridium 20 -35(-40) µm thick at the sides, up to 55 µm thick at the apex, thinner at the base, peridium at sides textura angularis, 2-layered, outer layer dark-brown, 8 -20 µm thick, composed of several rows of small thick-walled cells; cell wall 2-3 µm thick, with dark brown hyphal filaments 5 -6 μm broad penetrating the wood at base; inner layer 25 -35 µm thick, composed of larger cells 8-12 µm diam, irregularly pigmented, with columns of flattened hyaline cells forming ridges at base angles; apex composed of small, thick-walled, almost opaque cells (Fig. 2d, e) . Hamathecium of dense, very long trabeculate pseudoparaphyses, 0.8-1.5 µm broad, embedded in mucilage (Indian Ink), anastomosing and branching between and above the asci. Asci 100-130 × 8-12 µm (av. = 116.5 × 9.3 µm, n = 10), 8-spored, bitunicate, fissitunicate, cylindrical to narrowly fusiform, with a short, narrowed, twisted, bifurcate pedicel which is 15-20 µm long, with a truncate ocular chamber (Fig. 3d, e) . Ascospores (23-)27-32 × 4.5-6.5 µm (av. = 28 × 5.4 µm, n = 10), obliquely uniseriate and partially overlapping, narrowly fusiform to fusiform with narrowly rounded to acute ends, hyaline, 1(-3)-septum, deeply constricted at the median septum, often curved, the upper cell often shorter and broader than the lower one, smooth, with a wide gelatinous sheath 2-6 µm thick, visible in both water and India ink, at times drawn out at both ends; senescent ascospores have a pale brown, verrucose wall (Fig. 3f) 
RESuLTS
Taxonomy
Phylogenetic analyses
In total, 27 taxa (29 strains) are included in the phylogenetic analysis, with 26 taxa (28 strains) being pleosporalean taxa. In order to indicate the phylogenetic relationship of Amniculicola with other members of Pleosporales, species from 20 genera of Pleosporales are included, as well as morphologically comparable genera such as Lophiostoma, Lophiotrema and Massarina. Of the included taxa, 15 species are generic types. Of the 29
Pleosporales 10
Amniculicola lignicola EF493861
Anguillospora longissima AY204597 Amniculicola parva FJ795497*
Amniculicola immersa FJ795498*
Repetophragma ontariense DQ408575
Spirosphaera cupreorufescens AY616236
Massariosphaeria typhicola FJ795504* Pleospora rubicunda FJ795507*
Pleospora rubicunda AY849957
Massariosphaeria typhicola EF165033
Lophiotrema nucula FJ795446
Pleomassaria siparia DQ678078
Melanomma pulvis-pyrius FJ201984
Phaeosphaeria eustoma DQ678063
Phaeosphaeria avenaria AY544684
Ophiosphaerella herpotricha DQ767656 Maximum parsimony tree generated from partial 28S rDNA and with gaps as missing data. Designated outgroup is Diaporthe phaseolorum (AY346279). Bootstrap support values above 50 % (based on 1 000 replicates) are shown on nodes, and those lower than 50 % are marked as *. Newly generated sequences are marked as * on the right top corner of the GenBank accession numbers.
strains used here, 10 are type strains (34 %), and six (21 %) are verified strains (Fig. 4) .
The 28S rDNA dataset includes 872 characters, out of which 16.7 % are parsimony-informative sites. Thirty-five characters are excluded. Maximum parsimony (MP) analysis with gaps treated as missing data; random addition sequence and TBR branch swapping yielded 1 parsimonious tree of 642 steps with CI, RI, RC and HI of 0.578, 0.707, 0.408 and 0.422, respectively. Diaporthe phaseolorum is the outgroup. Bootstrap values (generated from 1 000 replicates) from maximum parsimony analyses are shown on the upper nodes (Fig. 4) . Phylogenies indicate that the three Amniculicola species cluster together with the anamorphic species Anguillospora longissima, Spirosphaera cupreorufescens and Repetophragma ontariense with 91 % MP bootstrap support. They form a well-supported group with Massariosphaeria typhicola and Pleospora rubicunda (Fig. 4) . 
dISCuSSIon
Amniculicola was introduced as a monotypic genus represented by A. lignicola, which is characterised by ascomata with slit-like ostioles, thin, branching and anastomosing pseudoparaphyses, and 1-septate, strongly constricted, fusiform ascospores, with a wide gelatinous sheath (Zhang et al. 2008b ). The two newly described species, Amniculicola immersa and A. parva, have all of the above characters. The immersed ascomata, less pigmented peridium, thicker apical peridium and broader asci morphologically distinguish A. immersa from A. lignicola (Table 1) , while the smaller ascomata with thinner peridium and narrower ascospores typically swollen above the median septum can easily distinguish A. parva from the two other Amniculicola species (Table 1) . (Fig. 4) reveals that Amniculicola is related to Anguillospora longissima, Spirosphaera cupreorufescens and Repetophragma ontariense (anamorphic fungi), and they are unequivocally positioned within the Pleosporales (Fig. 4) . According to Willoughby & Archer (1973) , the teleomorph of Anguillospora longissima is an undescribed species of 'Massarina', which is characterised by the superficial ascomata (c. 500 µm diam), a dark peridium c. 20 µm thick; numerous, cylindrical, 8-spored asci (130 -142 × 9 -11 µm), and fusiform 1-septate ascospores (22 -28 × 7-9 µm). The ostiole structure is unclear as it was described by Willoughby & Archer (1973) as 'wide', but all other morphological characters agree well with Amniculicola, but do not fit any of the presently described species. Thus the teleomorph of Anguillospora longissima may well be another new species of Amniculicola.
All of the three Amniculicola species, i.e., A. immersa, A. lignicola and A. parva, were collected from submerged wood in freshwater (Zhang et al. 2008b) . Anguillospora longissima is also a common aquatic hyphomycete (Baschien et al. 2008) . The strain of A. longissima (CCM F-00980) used here is from freshwater in Germany (Baschien et al. 2008) , and Spirosphaera cupreorufescens is an aeroaquatic taxon from Austria (Voglmayr 2004) . Although the location of the Repetophragma ontariense strain used here is unknown, the aquatic fungal status of R. ontariense is verified (Wu & Zhuang 2005) . In addition, Massariosphaeria typhicola (CBS 123126) and Pleospora rubicunda (voucher-IFRD 2017) used here are also from submerged wood collected in freshwater in France. This might indicate that the freshwater environment is an important ecological character for this group of fungi.
The conspecificity of the two strains of Massariosphaeria typhicola used here is not well indicated (Fig. 4) . The other strain of M. typhicola (CBS 609.86) used here was collected from Switzerland by A. Leuchtmann in 1981 . Leuchtmann (1984 monographed Phaeosphaeria, and defined ascospores of M. typhicola as having 6 -10 septa, while only 7 septa were observed in the ascospores of our collection (Fig. 5) . The voucher specimen of CBS 609.86 could not be located; while the phylogenetic separation of these two strains might be because of M. typhicola s.l. was used by Leuchtmann (1984) . Almost all of the strains in the Amniculicola clade are from Europe, and our results are in agreement with the hypothesis that 'the distribution of fungi' appears to be 'parallel with their phylogenetic structure' (Lumbsch et al. 2008) .
The generic types of Massariosphaeria (M. phaeospora) and Pleospora (P. herbarum) are included in the analysis, and both Pleospora rubicunda and Massariosphaeria typhicola are phylogenetically distinct from their generic types and cluster basal to the Amniculicola group. Massariosphaeria is characterised by the heavily pigmented and multiseptate ascospores, and Pleospora is characterised by muriform ascospores, which are very different from the hyaline, 1-septate ascospores of Amniculicola. What is remarkable is that the fruiting bodies of Amniculicola immersa, A. lignicola, A. parva, Massariosphaeria typhicola and Pleospora rubicunda studied here were observed to consistently stain the wood purple, which might indicate the whole purple staining assemblage of taxa to represent a familial rank. The phylogenetic significance of the purplestained substrate should be further explored, as it might be characteristic of metabolites produced by these fungal taxa. In xylariaceous taxa metabolite production and staining reactions have been shown to be related to their phylogeny (Stadler et al. 2004 , Bitzer et al. 2008 , Tang et al. 2009 , suggesting that more attention should be paid to secondary metabolites in the Dothideomycetes.
